Impacts of the Terminal Charged Residues on Polyproline Conformation.
Cis-trans isomerization of proline is involved in various biological processes, such as protein folding, cell signaling, and ion-channel gating. Polyproline is a useful system for better understanding proline isomerization because it exists predominantly as two forms, all-cis polyproline I (PPI) and all-trans polyproline II (PPII) helices. The stability of PPI and PPII can be modulated by various effects, including aromatic-proline interactions, terminal charges, and stereoelectronic effects. Here, we used a series of oligoproline peptides in which positively charged or negatively charged amino acids were incorporated into the termini to investigate their effects on polyproline conformation. Circular dichroism measurements show that a cationic residue at the C-terminus or an anionic residue at the N-terminus increases the stability of a PPII helix; in particular, the C-terminal cationic residues impose an enormous impact on PPII stability. The electrostatic attractions between a cationic sidechain and the C-terminal carboxylate exhibit a greater effect than those between an anionic sidechain and the N-terminal ammonium on the conversion of PPII to PPI, suggesting that the stabilization effect of electrostatic interactions on PPII is directional. In contrast, incorporating a cationic residue seems more favorable than adding an anionic residue into the N-terminus because the cationic residue can stabilize PPI. Moreover, the predicted dipole moments from optimized oligopeptide models reveal that the macrodipole of the peptides with a cationic residue at the C-terminus exhibits the opposite direction to that of other peptides in the PPI conformation, suggesting that such a dipole distortion may cause these peptides to disfavor PPI helices. Together, we have found that the introduction of terminal electrostatic interactions can have a significant effect on PPII stability, providing useful information to the design of polyproline-based scaffolds for biomedical applications.